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HMP Northwest Passage Drive Expedition (NWPDX)
Kugluktuk to Cambridge Bay, April 2009
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Moon-1 Rover: HMP Northwest Passage Drive Expedition(NWPDX)




Sampling Protocols

NASA Haughton-Mars Project - 2009
Northwest Passage Drive Expedition

Planetary Protection Study
Sampling Locations

Direction
of Travel

(Schuerger & Lee 2009)




Culturing Results on R2A

Interior Okarian
rover samples.

= Xterior snow
samples.

Schuerger and Lee, 2015, AStrobliology, In review.



Population Dynamics within the Moon-1 Rover
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Fungal Species Recovered from Interior of Moon-1 Rover

Taxonomyu Strain'No.o GenBanko Sourcelocationforw NCBI'o NCBIa Numberao
with'18S-contigsa currentstudy’o accession’No.0 | NCBI-closestmatch'strain’s| closestmatcha| closests of 'isolatesc
in-current'studv!o currentstudyxo accession'No.o

Aserﬂzllusfumzaws« BIF-25¢-20 I
| Aspergillusoryzaes | BIF2Scdco | IX4703342 [Chings | HMo64501c | 0985s |  1@e |
CoFdclo | TX4703350 |chinao | iNe3oo19o | 09970 | 10 |
Cladosporiumeladosporioidess|  AdFdclo | IX470336° | Sowthafrica,Chinao | AV251093c | 0998c | 1(A)5(@) |
Neophaeosphaeriafilamentosac C2F-25c-20 JX470342z

A2E-25¢30 0.9950
| Pleosporaterbarums | BiF2sc6bo | TX4T03470 oregmns | DQI6T64sc | 09930 | 2me |

16 unigue fungal taxa isolated from within the Moon-1 samples.

Schuerger and Lee, 2015, Astrobiology, in review.



Bacterial Species Recovered from Interior of Moon-1 Rover

Taxonomyxo Strain'No.o GenBanka Sourcelocations-forw ; ) Numbers
current’ accession'No.o
with'16S-contigsa study?a NCBI'strains'o accession'No.o | closesta | of-isolates2

in‘current'study!z o) currentstudyx closestmatch’s closestmatcho | matcho

Sites)o
Aeromicrobiumtamiensec: C1-37c-2c JX5172042 | dned-seaweed,-SouthKoreac DQ411341= 0.983c 1(C)=
Arthrobacteragilisc ground water, South-Korea2 EU7309432 m 1(A)
Arthrobacterflavusc Al-4c-142 JX5172062 | pondwater, Antarcticac FR691390c 0.991zc 1(A)=c

Arthrobactersp.c A2-25¢c-52 JX517207=2 | ice/snow.-Antarctica; permafrost,- DQ341415= 0.9862 2(A).- 1(B)
Norway?2

Arthrobactersulfonivoransc JX5172082 | glacialsediments, Svalbardc FM9558882 0.9952
Al-25¢-3z JX5172182 | fermentedfish, China, India, &- JX025165z2 0.9992 2(A),3(B)=
SouthKoreaz
Bacillusmegateriumc: Al-25c-21c JX5172192 | JPL-cleanroom,CA -USA;- AY030338z2 0.999c 2(A),-2(B)
thizosphere,-China; desert-granite.-

Bacillusnealsoniic: plantdebns, Chinac FJ5443932 09992 | 1(A).-1(B)2
Bacillusniacini{B1512R)2 A2-37c¢-230 GU339292¢ 0991z 1(A)
Bacillus pumilusc Al-25¢-192 GU3326002 0999z 2(A),-2(B),

Bacillussimplexc Al-25¢-122 2 plantleaves, roots,-alpine-grass.- FJ999940z2 0.9992 4(A),-2(B)=
China; desert granite.-AZ -USA;-
Arctic-Oceanc

Bacilluslicheniformis{B1312R)c:

Bacillussp .2 7 ' JPL-cleanroom,.CA.-USA:-ocean- AY0303332 0.998c 4(A),4(B).-
water, Japan; desert granite -AZ. - 3(Cxe

USA; uraniummine,-Gemrmany?<

Bacillusthuringiensisc Al-25c-140 Jatropha endophyte, Singapores 1.000z
Bacillusweihenstephanensisc A2-25¢c-6b2 CP000903c | 1.000= | 1(Ac
22 1
=

Breivbacillus-brevist B1-37c-142 plantcompost, Spainc EF0790712c 0.998¢c 1(B)=

Brevibacillusborstelensisc Al-37c-132 fermented soybeansauce, South- FI9826632 0.9992 2(A)
Koreac

42 additional bacterial taxa including Kocuria, Microbacterium, Paenibacillus, Planococcus,
Sporosarcina, and Staphylococcus spp.

Schuerger and Lee, 2015, Astrobiology, in review.



1 Fungus & 1 Bacterium Recovered from Snow Samples

Taxonomya StrainMo.o GenBanlko Sourcelocationfora NCEBEI'closestn| NCBLa | Numbera
1650r185with contigsa currentstudy-2a| accessionNo.o NCEI'closestmatch straino matcha closesto ofz

in‘current-study!la 4 current-siundyao 0 accession'™Mo.o| matchs isolates:
BeF-23C-1= X5172702 Flantdebns, - Chinac FI360718:z

brickwall, -Chinaz

Schuerger and Lee, 2015, Astrobiology, in review.



17 Biocidal or Inhibitory Factors on the Surface of Mars
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extreme desiccating conditions

low pressure

anoxic CO,-enriched atmosphere

low temperature

high salts levels [e.g., MgCl,, NaCl, FeSO,, and MgSO,] in surficial soils
lack of defined energy source free of UV irradiation

no sources of available nitrogen and carbon

no obvious redox couples for microbial metabolism
galactic cosmic rays

solar particle events

UV-glow discharge from blowing dust

solar UV-induced volatile oxidants [e.g., O,, O, H,0,, O]
globally distributed oxidizing soils

high concentrations of heavy metals in martian soils
acidic or alkaline conditions in martian soils

perchlorates in some soils

(Schuerger et al., 2013, Astrobiology, 13, 115-131.)



Implications for Human Exploration of Mars

Conclusions:

1. Very low microbial dispersal from the Moon-1 rover on
to pristine snow during the NWPDX traverse.

2. Dispersal away from human habitats and rovers on
Mars may be low to extremely low during exploration.

3. Although the Arctic is a harsh terrestrial environment,
at least 17 biocidal or inhibitory factors are likely active
on the surface of Mars.



AolloflICenciC oy ",ﬁ“%iimw EVA" Implications for Human Exploration of Mars

4. Dust covered or buried surfaces are
likely to protect embedded terrestrial
microorganisms, and niches in buried

sites must be characterized.

Drawing by Carter Emmart



